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XXIV. Experiments and Obfef'vations on the inflammable 
Air breathed by various Animals. By the Abbe Fon¬ 
tana, Director of the Cabinet of Natural Hiflory be¬ 
longing to his Royal Highnefs the Grand Duke of 
Tufcany; communicated by John Paradife, Efq. F. R. S. 


Read March n, 1779* 

*P HIL O S O P H E R S believed, till lately, that in flam- 
mable air had the power of killing animals who 
breathed it. Dr. priestley, to whom we are much 
indebted for many difeoveries and obfervations relative 
to inflammable air, made in confequence of Mr. ca- 
vlndish’s excellent paper on that fubje£l, allures us, 
tliat inflammable air caufes the death of animals as 
readily as fixed air, and that animals die eonvulfed in 
it. The doctor adds, that water abforbed about one quar¬ 
ter of the inflammable air ihaken in it, after which a 
moufe lived in it as long as it would have lived in an 
equal quantity of common air. This air breathed by 
the moufe was ftill inflammable, though not fo much as 
before. 
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Mr. sheele, who has made various important obfer-t 
vations in chemiltry, on the contrary aflerts, that in¬ 
flammable air not only does not kill the animals who 
breathe it, but that it is even good and innocent air. He 
relates fome experiments to which it feems that nothing 
can be oppofed, and they appear to contradict Dr. priest- 
ley’s obfervations. Mr. sheele has breathed inflam¬ 
mable air contained in a bladder, without receiving any 
hurt. 

Seeing then that the experiments of thefe celebrated 
perfons contradicted each other, I began to fufpeCt that 
they might poflibly be all true; and that their fo contra¬ 
dictory effects might be owing to fome circumftance not 
yet attended to. 

In order to follow fome method in my refearches 
about a point fo delicate, and which fo nearly interefts 
human life, I firft of all thought of afluring myfelf, 
whether or no animals could breathe inflammable air 
with impunity, when the receivers that contained it were 
immerfed in quickfilver. To this end, I introduced 
inflammable air, extracted both from zinc and iron, 
by means of the vitriolic acid, into various tubes filled 
with quickfilver, in which the air entered pretty free 
from moifture. I then introduced various birds intothofe 
tubes, and obferved that they died in a few minutes 
j time, 
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time, but without any apparent fign of convullions. 
Thefe experiments, having been often repeated, were 
conftantly attended with the fame event. 

Being affined, beyond any doubt, that the inflam¬ 
mable air obtained from zinc or iron, and made to 
pafs through quicklilver, was fatal to animals; I next 
wilhed to obferve, whether it retained the fame 
properties when it had palled through water; in 
which cafe the volatile fulphurous acid, or other va¬ 
pour, is abforbed by the water; but, on trying the expe¬ 
riments, I found that the birds died under thefe circum* 
fiances as under the others (though not quite fo foon) 
Ihewing likewife fome figns of convti-liion. I introduced 
fome of this fame air that had palfed through water into 
a glafs tube full of quicklilver, by a method which 
makes the air lofe all its moifture. The birds died in it 
in the fame manner as when the" experiment was tried 
upon water. In all thefe cafes the air after the animals- 
had died in it was ftill inflammable, nor did its exploding 
properties feem to have been at all diminilhed. 

The inflammable air extracted from zinc, and that 
extracted from iron, is fatal to animals even after it has 
been lhaken in water for a minute’s time, or fomething 
longer. By lhaking it a long time, it becomes in fome 
meafure refpirable; but then it is decompofed in a great 

meafure. 
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meafure, and becomes of another kind, although it ftill 
preferves the properties of being inflammable, but in a 
fmaller degree, 

Not only birds but alfo quadrupeds die in inflamma¬ 
ble air (though not fo foon) and Ihew fome iigns of 
being convulfed. 

It teems very ftrange, that Mr. sheele could breathe 
inflammable air with impunity, when animals obliged 
to breathe it were killed in a very fhort time. Ad¬ 
mitting his experiments to be true, there remains 
nothing to be faid, but that the inflammable air in 
which animals die does not occafion death becaufq it is 
conveyed to the lungs, but becaufe it affects fome other 
organs of the animal body expofed to that air, and ne- 
cefiary to animal life. It is not impoflible to occafion 
death by affecting the very fenfible nerves of the nofe; 
it being well known, that various liquors, as very con¬ 
centrated volatile alkaly, &c. if they are infpired through 
the nofe, immediately affedt the fenfes, and occafion 
death if they continue to adt upon the pituitary mem¬ 
brane. 

In order, therefore, to try whether inflammable air 
killed, only becaufe it was infpired through the nofe, I 
flopped very accurately the nofes of various birds with 
foft wax, and in this manner I introduced them into 


receivers 
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receivers full of inflammable air extracted from zinc, 
and from iron, through water. The birds died within a 
few feconds, that is, juft as they did when their nofes 
were unftopped. Quadrupeds were tried after the fame 
manner, and the event was the fame. 

Having in this manner exploded this new hypothefis, 
there remained one more, which feemedto fuggeft'a pro¬ 
bable reafon (lince fome realbn there muft be) for Mr. 
sheele’s experiments being attended with refults fo dif¬ 
ferent from thofe of other experimenters. When an ani¬ 
mal is introduced into a veflel of inflammable air, its 
whole body is expofed to that air $ and .it is not yet known 
by philofophers what diforders that fluid may occafion to 
the animal frame. It is true that none are obferved to be 
produced by other noxious kind of air; but if it be con- 
fldered, that the vapours of fulphur make a great im- 
preflion upon frogs, even when thofe animals do not 
breathe them, but have their afpera arteria tied up, it will 
not feem impoflible for the inflammable air, in fome 
manner or other, to a<ft upon the body of animals. It 
may, perhaps, hinder the perforation; it may infinuate 
itfelf through, the pores* of the ikin; in fhort, its adtion 
upon the body feems probable till experiments evince 
the contrary. 

Vol. LXIX. Z Z 
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I therefore endeavoured to force various four-footed 
animals to breathe the inflammable air through the 
mouth only, without immerging their whole bodies into 
it. I chiefly ufed bladders tied to their mouths, but 
fometimes I alfo made ufe of tubes which entered imme¬ 
diately into the wind-pipe. In both cafes the animals 
died in a very fhort time: hence it became evident, not 
only that the inflammable air is pernicious to animal 
life, but that it does not adt on the body of an animal ; 
for I kept fome of them immerged in inflammable air, 
with the mourn only out of. it, and did not perceive any 
effedt hurtful to them. 

It being in this manner afcertained, that the inflam¬ 
mable air could not be breathed by animals with impu¬ 
nity, it ftill • remained to find out the caufe of Mr. 
sheele’s miftake. I began therefore to breathe the in¬ 
flammable air contained in bladders, after the man¬ 
ner of Mr. sheele. The inflammable air ufed in my 
experiments was extradted from zinc and from iron by the 
adtion of the vitriolic acid, and it was received into "blad¬ 
ders that were dry in the infide, but a little moift on the 
outfide. The quantity of air contained in each blad¬ 
der was about eighty cubic inches. The air coming 
put of the mattrafs palled through about one inch of 
water before it went into the bladders. At firll I 

breathed 
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breathed the inflammable air with a kind of fear; but 
finding that it occafioned no painful impreflion, I conti¬ 
nued breathing it with-courage as long as I could. I 
breathed in a bladder filled with it eleven times, be¬ 
ginning after a natural expiration. This air when 
taken out of the bladder, was ftill inflammable, and 
being tried with the teft of nitrous air it gave II- 28, 
III+20. 

Before I go farther I muft explain the formula which 
I ufe to exprefs the diminution of. refpirable air, or air of 
other kind, when mixed with nitrous air. My method is 
as follows: I have a glafs tube of about eighteen inches 
in length, and half an inch in diameter, clofed at one 
end, and of a conftant diameter throughout its whole 
length: this tube has a mark at every thi'ee inches, 
which marks or divifions I call meafures , and every inch 
is divided into twenty equal parts; fo that every meafure 
is divided into fixty portions, which I call parts. Into 
this tube, by means of an inftrument which meafures 
always one conftant quantity of air equal to one meafure 
of the tube, I introduce two meafures of refpirable air 
and one meafure of nitrous air, after which I meafure 
the diminution; then I introduce a fecond meafure of 
nitrous air, and again meafure the diminution. The 
whole meafures I exprefs in Roman characters, and the 

Z z 2 parts 
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parts of a meafure I exprefs in common numbers; 
for-inftance, when I fay II-16 and 11+ io, the firft ex- 
preffion means, that after having introduced into the 
tube two tneafures of common air, and one meafure of 
nitrous air, the fpace occupied by the mixture of thefe 
two airs was two meafures — 16 parts, or 6oths of a 
meafure: and the fecond expreliion fhews that, after 
having introduced another meafure of nitrous air, 
the fpace occupied was two meafures + io parts. The 
reafbn and particulars of this method will be given here¬ 
after in a paper exprefsly written upon the method of 
determining the degree of the falubrity of the air by 
means of nitrous and inflammable air. 

Having introduced eight cubic inches of common air 
into the fame bladder, I breathed it as long as I could ; 
beginning after a natural expiration as in the experi¬ 
ment above related. I breathed it thirty-four times fuc- 
ceflively, and afterwards found it very much altered, lo 
that it extinguifhed a light many times fucceffively. An 
animal introduced into a vefiel of that air immediately 
gave figns of uneafinefs: and the air being tried with the 
nitrous air gave 11+ 20, III+15; whereas, before it had 
been breathed, it gave with the fame nitrous air H-15, 
II+18. 



Obfervations on inflammable Air. 345 
This experiment Ihews, that the air which remained 
in the bladder in the firft experiment was not fo good as 
that breathed thirty-four times fucceflively. In order to 
make this experiment with more precifion, I breathed 
eighty cubic inches of common air, introduced into the 
fame bladder, only eleven times; beginning after a natu¬ 
ral expiration. Then I examined this air with the ni¬ 
trous air, and found that it gave II-13, III + 28. 

Hence it is plain, that the mixture of inflammable and 
pulmonary air breathed eleven times is much inferior to 
common air breathed an equal number of times; lo that 
there can remain no doubt but that inflammable air is at 
leaft worfe than common air. 

Willing, however, to afcertain this matter ftill better, 
I tried to breathe it immediately through a large receiver, 
partly immerfed in water, and fwimming in it, fo that 
the air within the receiver was of the-fame elafticity 
with the external air. For this experiment I made ufe 
alfo of a glafs tube bended in two different directions. 

The air contained in the receiver was about 250 cubic 
inches. In all the trials made in this manner, I was ne¬ 
ver able to breathe the inflammable air more than three 
times, and even at the fecond infpiration I felt a great 
oppreflion. As thefe experiments can be depended upon, 
becaufe they were often and at different times repeated^ 

there 
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there Teems to be reafon enough to fufpedl, that the 
bladder might poflibly alter the nature of inflammable 
air, and render it more fit for refpiration, notwithftand- 
ing that the mere con tail of the bladder feemed not fuf- 
ficient to produce fuch an effedl, which is irreconcileable 
with other fails: yet fome reafon muft certainly exift 
Sufficient to explain Mr. shEele’s experiments, which 
direitly prove that the inflammable air contained in 
bladders can be breathed with impunity. 

When I breathed this air according to Mr. sheele’s 
manner eleven times fucceffively, I not only breathed 
it without any inconvenience, but obferved that the firft 
infpirations were even pleafing; more ,fo than when 
I breathed, common air. I felt a facility of dilating 
the breaft,. as if the air was as light as that at the 
top of high mountains. I never felt a like fenfation, 
even when I have breathed the,pureft dephlogifticated 
air, I do not think that I was miftaken in thefe fenfa- 
tions, or gave a loofe to imagination, becaufe I was rather 
prejudiced againft the inflammable air, after I had feen 
various animals immediately die in it, and I was rather 
fearful when I firft began to breathe it: befides, this fa¬ 
cility of breathing it, accompanied with a pleafing fenfa¬ 
tion, I have conftantly obferved in all my experiments 
upon this fubjeft. 


This 
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This pleafure, however, I paid very dear for in ano¬ 
ther experiment, in which I was nejir lofing my life. 
Having filled a bladder of the largeft lbrt with about 
-350 cubic inches of inflammable air extracted from iron 
filings through water,, which air was not at alldiminiflied 
by the mixture of nitrous air; I began to breathe it boldly 
{owing to the encouragement received from the above 
related experiment), and refoived to breathe it as long as 
my ftrength would permit me, after having made a very 
violent, expiration in order to evacuate the lungs of the 
atmofpheric air. Having made the firft infpiration I felt 
a great oppreflion upon my lungs. Towards the middle 
of, the fecond infpiration I heard Mr. cavallo, who fa¬ 
voured me with his afliftapce in thefe experiments, fay, 
that I was become very pale: by this time the objects ap¬ 
peared confufed to my eyes. Notwithstanding this, I 
made the third infpiration; but now my ftrength failing, 
I loft my'fight; intirely, .and fell upon my knees. In this 
fituation I breathed the air of the room, but my knees 
not being able to fupport me, I fell intirely upon the 
floor. However, in a fhort time I came to myfelf, fo as to 
be able to get up, 8tc.; but my refpiration continued to be 
affedted with difficulty and pain, as if I had a great weight 
upon the breaft; nor did I perfectly recover before the 
next day. 


a 


It 
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It muft be obferved, that during this experiment I 
kept my nofe clofe flopped. 

This fame inflammable air contained in the bladder, 
which I had breathed three times, was examined in va¬ 
rious manners, and was found to be as inflammable as 
before; it exploded as ufual, when mixed with dephlo- 
gifticated air, but after having been Ihaken in water for a 
fhort time, being tried with the nitrous air, it gave 
III-10, IV-10, whereas before it was not at all dimi- 
niilied. At this time the common air, with the fame ni¬ 
trous air, gave II-14, II +1 o. Hence it appears, that the 
inflammable air, after being breathed, is rather better 
than before, becaufe in that cafe it is a little diminifhed 
by the addition of nitrous air. 

In order to afcertain whether this alteration was occa- 
lioned by the bladder or no, I made the following expe¬ 
riment, which, having been often repeated, was con- 
flantly attended with the fame event. I introduced into 
a bladder, which was fometimes moift and fometimes 
dry, a quantity of inflammable air, extracted as well from 
zinc as from iron, through water, and having kept it in 
that fituation for feme minutes, beating in the mean 
while the bladder, to keep the air in agitation, I after¬ 
wards took it out, and by the mixture of nitrous air ob- 

3 ferved 
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ferved, that it fuffered no diminution, exactly as it fuf- 
fercd none before it had been put into the bladder. 

Having afcertained, in this manner, that the bladders 
do not in any manner contribute to render the inflamma¬ 
ble air extra&ed from metals better in its nature, there re¬ 
mained no other way of afcertaining Mr. sheele’s expe¬ 
riments, and of underftanding why I had been able to 
breathe it eleven times, than by fuppofing that the air of 
the lungs, which can never be thoroughly emptied by be¬ 
ing mixed with the inflammable air, alters it, &c. It is 
well known, that in an ordinary expiration about thirty- 
five cubic inches of air are expelled from the lungs. In a 
very violent expiration, following a natural infpiration, 
the air expelled may amount to fixty cubic inches. Thefe 
forty inches of pulmonary air are mixed with the in¬ 
flammable air, and are expelled from the lungs in pro¬ 
portion to the remaining air that is breathed after that 
the lungs have been thoroughly emptied. In the expe- 
ment above related, of the three infpirations I made into 
the inflammable air, it may be eafily fuppofed, that twenty 
inches or more of pulmonary air were joined with the in¬ 
flammable air, and entered into the bladder. This pulmo¬ 
nary air, although it is itfelf partly phlogifticated, is how¬ 
ever diminifhed by nitrous air; and when it ftands in 
the bladder it is nearly equal to -~th of the inflammable 

Vol. LXIX. A a a air 
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air of the bladder breathed three times; hence this loft 

ten parts by. the mixture of nitrous air. 

This explanation, which it is neceflary to adopt after 
having exploded all the other hypothefes, is very analo¬ 
gous to the above related experiment of the fmaller blad¬ 
der filled with inflammable air which was breathed ele¬ 
ven, times fucceflively. This air was breathed after a 
natural expiration, fo that there ftill remained in the 
lungs about feventy-five inches of common air. Thefe 
feventy-five inches of pulmonary air, together with the 
eighty inches of inflammable air, were mixed together 
during the eleven infpirations and expirations; hence 
the air of the bladder was a mixture of nearly equal por¬ 
tions of inflammable and common air; and, accordingly, 
when tried with the nitrous air, it was found to be much 
better (though it had been breathed eleven times) than 
the air of the large bladder breathed three times only, 
after the lungs had been emptied as much as pofiible. 

All the other experiments that I have made in confir¬ 
mation of this hypothelis feem univerfally to favour it. 
If a Guinea pig is introduced into a receiver containing 
400 cubic inches of inflammable air, or a finall bird into 
only fifty inches of it, and they be left therein till they 
are dead, that air afterwards will not be fenfibly dimi- 

niflied 
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niflied by nitrous ■air; but if a much larger animal is in¬ 
troduced into the 400 inches of inflammable air, or a 
fmall animal into a few cubic inches of that air, then it 
will be found to be fenfibly diminifhed by nitrous air; 
and this diminution will be greater as the animal is 
larger in proportion to the quantity of inflammable air. 
A larger animal imparts a greater quantity of its pulmo¬ 
nary air to the inflammable air; and the inflammable air 
will be found joined to a quantity of pulmonary air, 
which is fo much the lefs as the animal is fmaller. 

Mr. sheele fays, he found that the inflammable 
air after being breathed fome time intirely lofes its in¬ 
flammability; from whence he concludes, that the lungs, 
inftead of imparting fome phlogifton to, imbibe it from, 
whatever fubftance it can be extracted. Though all the 
direct experiments which fliew that a phlogiftic princi¬ 
ple is continually detached from the lungs, and joins it- 
felf to the common air, were wanting, ftill Mr. sheele’s 
confequence could not be drawn, becaufe the experiment 
is not true. With refpeft to my own experience I may 
fafely fay, that I have always found it inflammable in. 
every circumftance, even after I had breathed it eleven 
times fucceflively: and I have not only found it inflam¬ 
mable in the bladder, but I have fired it in the a<St of let- 

A a a a ting 
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ting it out of my mouth. In this manner a flame may 
be produced from the mouth, of various inches in length, 
and two or more inches in breadth. 

But whence does that fenfation of levity and faci¬ 
lity of breathing the inflammable air, which. I have de- 
fcribed above, originate? At prefent I can only have 
recourfe to a mere mechanical caufe for a folution, for 
I do not obferve in inflammable air any property that 
feems capable of altering the lungs upon a chemical 
principle; neither have I obferved any decompofition 
of air, or alteration of the fluids of the animal. It 
has been obferved, that inflammable air, after being 
breathed, comes out of the lungs with the fame pro¬ 
perties it had before. It is alfo known, that inflam¬ 
mable air is not fenfibly abforbedby water, at leaft after 
a fhort time. The lungs, or more properly the pulmo¬ 
nary veficles, are continually moiftened with fluids; but 
that air cannot be abforbed by them, except it be firft de- 
compofed. Nothing elfe therefore remains to which we 
can have recourfe for an explanation of the above men¬ 
tioned fenfations, but the well known levity of the-in¬ 
flammable air compared with common air. And indeed 
the fenfation I felt when I breathed that air, is like that 
of a very light fluid which does not opprefs the lungs, 
and is hardly felt. This explanation agrees exactly with 

fome 
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fome experiments I have made with common air ren¬ 
dered more light by fire. This air I have found may be 
breathed much eafier, although not for fo long a time, as 
when it is more condenfed. It muft be faid, indeed, that 
this is occafioned by another particular caufe, which has 
nothing to do with the cafe of the inflammable air, aiid 
which cannot be properly examined in this place. 

After all, it ftill remains to be known, why inflamma¬ 
ble air, which kills animals fo foon,. may be breathed 
without any oppreffion,. when in a fmall quantity, viz. 
when it is mixed with common air; and the following 
experiments, which are very analogous to thofe related 
above, will-lhew that the queftion is not uninteretting. 

I introduced 350 cubic inches of common air into a 
bladder, and after having made as ftrong an expiration as 
I could, I applied the neck of the bladder to my mouth, 
and breathed the air it contained forty times fuccefliyely. 
Afterwards, having taken the air out of the bladder, I 
found that it extinguifhed a light feveral times fuccef- 
fively. It formed various cryftals with the oil of tartar^ 
but after a very confiderable time; fome of thefe cryftals 
had the Ihape of needles, others were like flowers: 
being tried with the nitrous air, it gave II-18, III+18. 
This air, therefore, was very much phlogifticated, nor 
could I poffibly have breathed it longer than I did, with- 

out 
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out falling upon the ground, as I already felt my 
ftrength failing, and the objects appeared confufed be¬ 
fore my eyes. Into ten cubic inches of this air I intro¬ 
duced a fmall bird, which, as foon as it began to breathe 
it, made various contorfions with its body, and feemed to 
fuffer a great deal. It died in ten minutes time; whereas 
another little bird introduced into a like quantity, that 
is, into ten cubic inches of common air, lived in it fifty- 
two minutes, nor did it Shew any fign of uneafinefs be¬ 
fore it had been in five minutes. 

It remains to be accounted for, why the bird could 
breathe for five minutes longer in the air of the bladder 
thati a man could. It will be fufficient to confider, 
that when a man in this experiment has made the laft 
expiration into the bladder, he is in a ftate of pain,andhis 
lungs are loaden with a fuperfluous quantity of phlogif- 
ton, which is not communicated to the air of the bladder; 
whereas nothing of this takes place with the bird, which, 
befides its being in vigour, has a quantity of common air 
in its lungs. This leems confirmed by an experiment, 
which admits of no doubt. Having breathed the air of 
the bladder as long as I could, I flopped the neck of the 
bladder with my finger, then breathed the common air 
Several times; and afterwards putting the neck of the 

fame 
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lame bladder to- my mouth again, I breathed that very 
fame air four times fucceflively. Now there is no 
doubt but that a bird could have breathed it much 

f 

longer: the reafon of which diverfity feems to be the 
following, viz that a fmall bird is in want of a fmall 
quantity of air for every time it breathes, whereas a 
man is in want of a much greater quantity; hence the 
air is rendered more eafily noxious, and unfit for refpi- 
ration. From all which it may be concluded, that we are 
in want of a certain quantity of common air necefiary 
for refpiration, and for the fupport of life ; and that this 
air, after being infpired, comes out of the lungs lefs fit 
to be breathed a fecond time. 

It has been obferved, that the inflammable air cannot 
be breathed when the lungs are emptied of common air 
as much as polfible; but that it may be breathed when 
the lungs are in a natural ftate, in which ftate a quantity 
of common air, equal to about forty cubic inches, is 
known to exift in the lungs of an adult perfon. This 
pulmonary air is not infected fo far as to be incapable of 
being breathed various times, and of fupporting life. 
After having made a natural expiration I have with force 
expelled from my lungs about thirty inches of air into 
an empty bladder; and this pulmonary air I have ge¬ 
nerally been able to breathe eight times fucceflively, 
1 but 
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but never longer. It is true, however, that I breathed it 
with fome oppreffion, even from the beginning, which 
does not happen when the inflammable air contained in 
a bladder is breathed, the lungs being in a natural ftate. 

And now it feems no longer difficult to give an anfwer 
to the queftion propofed above, and to account for the 
fmall difference obferved in the breathing of the two dif¬ 
ferent kinds of air in the bladders. The inflammable 
air, when joined to a great quantity of common air, may 
be breathed fafely, becaufe there is a quantity of com¬ 
mon air fufficient for various infpirations, and that the 
mixture of the two airs may be breathed till this com¬ 
mon air is thoroughly infected. But the inflammable air 
itfelf is not altered nor decompofed by the refpiration. 
Wherefore we muft conclude, that the inflammable air is 
not fuch a kind of air as can by itfelf alone be diredtly 
ufeful for refpiration. It muft rather be corrfidered as if 
there was nothing of that air in the cafe of the bladder; 
and indeed it is found by experience, that the pulmonary 
air itfelf may be breathed eight or nine times in an 
empty bladder. The not being able to breathe it eleven 
times fucceffively, as was done when there was inflam¬ 
mable air in the bladder, and the feeling-an oppreffion 
in the firft cafe and not in the fecond, muft be intirely 
attributed to the want of thirty-five cubic inches of air 

expirated, 
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expirated, which are neceffary to give the lungs all the 
necefiary expanfion 5 whereas, in the other cafe, the in¬ 
flammable air ferves to fill up fpace, and, together with 
the common air, contributes to fill the lungs; fo that the 
inflammable air, confidered under thefe circumftances, 
and under this point of view, may be faid to be ufeful 
for animal refpiration. This explanation feems molt 
evidently demonftrated by the following experiment. If 
thirty-five cubic inches of common air are introduced 
into the bladder, and this air be breathed when the lungs 
are in a natural ftate, it will be found, that one may 
breathe it for twenty times or longer 5 whereas, when the 
bladder was empty, it could not be breathed more than 
nine times at moft. 

Before I finilh this paper it will be proper to mention 
another caufe, which* perhaps, alfo contributes to render 
the inflammable air of the bladder lefs noxious; this is 
the levity of the inflammable air itfelf with refpeft to 
common air, which hinders the inflammable mixing 
with the common air. The inflammable air fwims con¬ 
tinually upon the common air, juft as aether fwims 
upon water; and the inflammable air fwims ftiil better 
than aether* becaufe it is much lighter in companion than 
aether. Various experiments made upon volatile lub- 
ftances have convinced me of this truth. If equal quan- 

Vol. LX 1X. B b b titles 
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titles of common and inflammable air, or dephlogifti- 
cated and inflammable air* are put into a tube, and two 
birds are introduced in it, fo that one of them may ftand 
at the top, and the other at the lower part of the inverted 
Jar; it will be found, that the firft mentioned of thefe 
birds not only will die confiderably fooner than the 
other, but will ftiew figns of uneafinefs as fodn as it is 
come to that place. 

The inflammable air, therefore, when breathed toge¬ 
ther with a conliderable quantity of common air, muft 
always fwim at the top of it, filling the cavity of the 
wind-pipe, Sec; while the common air occupies, the lower 
place, and filling the fmalleft pulmonary veficles is fub- 
fervient to the ordinary functions of the lungs. 

Here I put an end to my obfervations upon inflam¬ 
mable, air confidered with refpedt to refpirationj but I 
beg leave to add a few words refpe&ing a property of the 
inflammable; air, which, as far as I know, has been over¬ 
looked by the moft diligent obfervers. 

I mean here to fpeak of fuch inflammable air as is ex- 
Iradtedtfrom metals;bymeans of oil of vitriol, elpecially 
that extracted from- iron and zinc. The air of thefe me- 
taJs^ wrhen prefented to the flame of a candle, not only 
bums with a whitifh flame inclining to green (as is well, 
known); but exhibits a kind of fparks or explofions 

which 
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which may be eafily diftinguifhed between the body o* 
the flame by their vivid light. Thefe fparks, which are 
of a vivid colour, dart in every direction. They might 
be eafily taken for thofe fparks that are emitted from 
red-hot iron; or they might be compared to very fmall 
grains of gunpowder, if thefe were inflamed fucceflively, 
and without fmoke; or they might even be compared to 
charcoal that fparkles, but without any noife. This phe¬ 
nomenon feems very interefting, as it refpeCts the nature 
of the inflammable air itfelf. What feems to me molt 
Angular is, that this appearance forms a diftinCtive cha¬ 
racter between the inflammable air of metals, and that 
extracted from animal or vegetable fubltances; at leaft I 
may fafely fay, that I never found the inflammable air 
of animal or vegetable fubltances fparkle like that ex¬ 
tracted from metals. In feveral of the former kinds of 
air I could obferve no fparkling at all; in others the 
fparks were fo few that they might be confidered as no¬ 
thing in comparifon to the fparkling of the inflammable 
air from metals. 

The inflammable air of metals itfelf if left in contact 
with water for a long time, or lhook in it till it becomes 
lefs inflammable, will in great meafure lofe its fparkling 
property, and at laft lofes it intirely, when it is become 
in a ftate of being hardly inflammable. I have obferved, 

B b b 2 that 
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that the inflammable air is the more difficult'to be do* 
compofed, by being fliaken in Water, as the number of 
the fparks it fliews when burning is greater? and ac«* 
cording to this number of fparks, the inflammable air 
makes greater or weaker explofions when mixed with 
the dephlogifticated air; fo>that it feems proved by expe* 
ments, that the phlogiftic principle is more fixed and us 
greater quantity combined with the inflammable .air of 
metals, than with that of vegetable or animal fubftanoes. 
I do not mean to deny the poflibility of finding other 
cies of inflammable air! extra&ed.* .&om/ati|«;.ihbAai]nfl|f 
befides metals which may . explode like .that •extradied 
from metals; but 1 only fay, that in thofe cafes the in** 
flammable air will alio fparkle more, and, will be found 
lefs eafy to be decompofed by water. There are other 
fubftances that give the inflammable air m great quant* 
tity, and which cannot be confidered as animal or vege** 
table iubflances, but come rather near the nature of me* 
tals; as, for inftance, the fpathofe iron, from which I ex-* 
trail a good deal of inflammable air by the ailion of fire, 
only, applied to a mattrals. But the metal in thisfub- 
ftance is not in its pure Hate, and it may be confidered 
rather as a calx of iron than true iron. Accordingly* 
this air can hardly Iparkle at all ; it explodes more like 
2 the 
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the inflammable air of vegetable or animal bodies than 
that of metals, and it is eafily decompofed in water. 

This property of inflammable air of metals which I 
have difcovered, throws great light upon the analyfis of 
the decompofition of that air which I have made in two 
different ways. The firft is to fire it together with com¬ 
mon or dephlogifticated air, in vefiels filled with very 
pure quickfilver, and alio in veflels filled with diftilled 
water. The fecond method is to decompofe it by fhaking 
it in pure diftilled water. In the firft procefs a great 
number of experiments are required in order to obtain a 
fenfible refiduum; befides, the igneous partis loft. The 
fecond method requires an exceedingly long time, but it 
is the moft complete; for which reafon I have ufed it for 
the decompofition of other kinds of air. 


